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Abstract
Background: Accurate and practical malaria diagnostics, such as immunochromatographic rapid
diagnostic tests (RDTs), have the potential to avert unnecessary treatments and save lives.
Volunteer community health workers (CHWs) represent a potentially valuable human resource for
expanding this technology to where it is most needed, remote rural communities in sub-Saharan
Africa with limited health facilities and personnel. This study reports on a training programme for
CHWs to incorporate RDTs into their management strategy for febrile children in the Democratic
Republic of Congo, a tropical African setting ravaged by human conflict.
Methods: Prospective cohort study, satisfaction questionnaire and decision analysis.
Results: Twelve CHWs were trained to safely and accurately perform and interpret RDTs, then
successfully implemented rapid diagnostic testing in their remote community in a cohort of 357
febrile children. CHWs were uniformly positive in evaluating RDTs for their utility and ease of use.
However, high malaria prevalence in this cohort (93% by RDTs, 88% by light microscopy) limited
the cost-effectiveness of RDTs compared to presumptive treatment of all febrile children, as
evidenced by findings from a simplified decision analysis.
Conclusions: CHWs can safely and effectively use RDTs in their management of febrile children;
however, cost-effectiveness of RDTs is limited in zones of high malaria prevalence.
Background
Malaria remains the leading parasitic cause of morbidity
and mortality worldwide, causing an estimated 515 mil-
lion clinical cases and 2 million deaths annually[1]. Chil-
dren in sub-Saharan Africa carry the highest burden of
illness, accounting for 75% of all fatal cases[2]. The man-
agement of malaria in resource-poor areas is complicated
by the lack of trained health professionals, the non-spe-
cific presentation of malaria (which may be indistinguish-
able clinically from benign viral illnesses or life
threatening bacterial infections), and the lack of accessible
and affordable diagnostic tools. Conflict and human inse-
curity further amplify these challenges through a break-
down in health delivery systems, loss of human resources
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for health, and increase in the prevalence of infectious dis-
eases such as malaria[3,4].
Accurate malaria diagnosis remains a cornerstone of glo-
bal control efforts. However, several authors have noted
that malaria misdiagnosis in endemic areas is common,
resulting in harm to vulnerable populations[5]. It is esti-
mated that practical and accurate diagnostic tests for
malaria diagnosis have the potential to avert 400 million
unnecessary treatments and save 100,000 lives annu-
ally[6]. Lateral flow immunochromatographic devices, or
rapid diagnostic tests (RDTs), offer the possibility of sen-
sitive and specific field parasitological diagnosis of
malaria through the detection of parasite antigen, such as
histidine-rich protein 2[7,8]. However, operational ques-
tions remain as to how best to distribute and utilize RDTs,
particularly in areas where the burden of malaria exceeds
the health system capacity for malaria management.
In this setting, community health workers may represent
a valuable human resource for the case management of
malaria. Previous reports from South America[9,10],
Asia[11] and Africa [12-14] have described the successful
mobilization of community health workers to diagnose
and treat malaria in remote villages using RDTs. In Cam-
bodia, for example, village malaria workers have provided
accessible malaria diagnostic and treatment services in
remote communities since 2001, in a programme which
has been scaled-up to involve over 300 villages[11]. Push-
ing the use of RDTs to the periphery is an important pri-
ority if this technology is to benefit rural populations[6];
however, local conditions, such as malaria prevalence and
pre-existing infrastructure, need to be considered for
appropriate roll-out of this technology.
As a promising strategy for improving capacity for malaria
management, the use of RDTs by CHWs in a rural setting
in eastern Democratic Republic of Congo was investi-
gated. This malaria holoendemic area has been crippled
by civil and international war and currently has limited
health personnel and facilities. This study reports the out-
come of a training module for community health workers,
and demonstrates the feasibility of RDT use by commu-
nity health workers in a cohort of 357 febrile children in
their remote village. However, the findings of this study,
supported by a decision analysis using locally relevant
cost parameters, call into question the cost-benefit of
rapid diagnostic tests in a zone of malaria holoendemic-
ity.
Methods
Study area and population
Over the past decade, the Democratic Republic of Congo
has been the stage of the most deadly humanitarian crisis
in recent history[3,4]. Despite an official end to the con-
flict, mortality rates remain 70% higher than pre-war lev-
els and 55% higher than surrounding sub-Saharan African
countries[3]. Children under five years of age account for
nearly half of all deaths[3]. Most deaths are due to indirect
effects of human insecurity (e.g., displaced persons and
degradation of health care infrastructure) and fever/
malaria is the leading cause of mortality[3]. The region of
Yakusu in Orientale province is a remote community of
172,390 inhabitants, with only four doctors. Plasmodium
falciparum accounts for more than 95% of clinical cases of
malaria, and children may experience an estimated three
to four clinical episodes of malaria annually.
In this underserved area, community health workers form
an integral part of the health care system. They are volun-
teers that have chosen to devote some of their time to
manage health problems in their community, acting as a
bridge between the community and the government
health care system. They are chosen by community mem-
bers and contribute to the sustainable development of the
health system at the village level. They have minimal (typ-
ically <1 week) training in epidemic and endemic diseases
(e.g., malaria), generally provided by non-governmental
organizations. Although they do not receive a salary from
the central government, CHWs may derive a profit (e.g.,
10% of insecticide-treated bed net sales) from their activ-
ities. The CHWs in this study had previous experience in
the management of febrile children in their community.
The goal of this study was to build on their existing capac-
ities and extend their diagnostic armamentarium with
RDTs.
Ethics approval for this study was obtained by the local
Congolese university institution (Institut Supérieur des
Techniques Médicales de Kisangani).
Training
Twelve experienced health care workers from Yakusu vil-
lage were selected to attend a one-day training session on
malaria, its clinical manifestations, treatment, and the use
of RDTs for parasitological diagnosis. The RDT in this
study was the commercially available Paracheck-Pf(R) kit
(Orchid Biomedical Systems, Goa, India). One instructor
(JPK) taught and evaluated CHWs. Tools used for teaching
included materials published by the WHO[15], including
pictorial teaching aids developed elsewhere[13]. Teaching
methods included lecture-style sessions (malaria biology
and clinical case management) and hands-on demonstra-
tion of how to use the RDT. Novel and published instru-
ments for the evaluation of health care worker knowledge
and skills at performing and interpreting the RDT were
used[15]. A 10-item written multiple choice quiz testing
knowledge of the causes and management of fever and
malaria in children was administered at the end of the
day. In addition, practical skills were evaluated using aMalaria Journal 2009, 8:308 http://www.malariajournal.com/content/8/1/308
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standard, objective 16-item WHO RDT training evalua-
tion instrument[15]. Participants were individually and
directly observed while performing a RDT, and graded
using this checklist.
Field implementation
Following training and verification of knowledge and
skills in the safe and reliable use of RDTs, CHWs were dis-
tributed thermometers, RDTs and malaria treatment
(artemisinin combination therapy, ACT) for use upon
return to their community. Interpretation of the malaria
RDT was positive if both the control and test lines were
present and negative if only the control line was present.
In cases where the control line did not appear, the result
was considered indeterminate. Children (0 to 14 years
old) with fever (>38°C axillary temperature) were eligible
to be tested with RDTs and were treated with ACT (artesu-
nate + amodiaquine, fixed dose combination) dosed by
weight, according to WHO guidelines[16]. Participant car-
egivers provided verbal consent to participate in the study,
and were offered free treatment as a benefit of study par-
ticipation. All febrile children were treated, regardless of
RDT result, given the investigational nature of this study,
for maximal safety of participants and consistent with
local practices. Febrile children of all ages were included,
as the purpose of the study was to evaluate the feasibility
of RDT use by CHWs, although WHO treatment guide-
lines recommend treatment of all febrile children under
five years of age, irrespective of RDT result[16]. Children
requiring more extensive workup or interventions were
referred to regional health services; the decision to refer
was left to the discretion of CHWs, who were previously
experienced in malaria management. For each child, a
case report form was completed, including demographic
information, temperature, other signs and symptoms,
RDT result, and clinical outcome. Results were collected
and tabulated centrally. Because a high prevalence of test
positivity was noted in this sample of febrile children,
peripheral blood smears were collected and examined by
light microscopy to confirm this observation in an addi-
tional sample of 40 children with fever in the same com-
munity. Descriptive statistics were calculated using
Microsoft Excel software.
Survey of CHW views following field trial of RDTs
After the field trial of RDTs, CHWs were assembled and
surveyed using a 16-item written survey questionnaire.
Questions consisted of provocative statements with which
participants ranked their agreement or disagreement on a
5-point Likert scale.
Decision analysis
To examine the cost-effectiveness of malaria RDTs in this
setting, a decision analysis tool was used, modified from
previous studies[17]. The goal was to investigate the cost
associated with RDTs, given that they prevent unnecessary
treatment courses and, therefore, several simplifying
assumptions were made. The cost of false-negative diag-
nosis was neglected, given that only 1.1% of the cohort
tested negative using RDT. The potential benefit of RDTs
in alerting clinicians to the possibility of other causes of
fever besides malaria was also neglected, given the limited
resources for management of other infections in this par-
ticular setting. This approach and these assumptions were
similar to some previous cost analyses[18], but less
detailed than other published models[17]. The simplicity
of this model permitted derivation of an analytic equation
of the cost per unnecessary treatment averted as a function
of disease prevalence, costs, and test sensitivity and specif-
icity. Inputs for the model included published estimates
of RDT sensitivity and specificity[8], and the actual local
cost of RDTs including lancets, alcohol swabs, gloves and
test kits ($2) and ACT ($1 per paediatric treatment
course).
Results
Twelve community health workers were trained to per-
form and interpret malaria RDTs (Paracheck-Pf(R)).
Median health worker age was 32 (range 23 to 47) years,
and 4/12 were female. Participants had a median of 4.5
(range 1 to 10) years previous health care experience, all
had previously managed cases of malaria, but only 2/12
had used a malaria RDT previously. Participants were
highly satisfied with the training. Eleven of 12 agreed or
strongly agreed that the information provided was useful;
and although 7/12 strongly agreed that they already knew
about malaria management beforehand, 11/12 agreed or
strongly agreed that their knowledge had improved as a
result of the training session. Qualitative feedback empha-
sized the comprehensiveness, clarity and quality of the
teaching materials and trainer.
Participants demonstrated satisfactory knowledge and
skills following the training session. Median (range)
scores on a 10-item test of the causes and management of
fever and malaria in children were 80% (60% to 90%).
Questions pertaining to the causes of fever in children and
the clinical signs of malaria were answered correctly by all
participants. Poorer performance was observed on ques-
tions involving clinical scenarios: for example, 5/12 par-
ticipants incorrectly answered that a febrile well-
appearing 10 year old child with a negative RDT result
should receive anti-malarial treatment. Median (range)
scores on a standard WHO 16-item objective RDT skills
assessment[15] were 100% (94% to 100%) and all partic-
ipants correctly interpreted the RDT result during the eval-
uation.
The 12 trained health workers used the RDTs to manage
357 children with fever in their remote community over aMalaria Journal 2009, 8:308 http://www.malariajournal.com/content/8/1/308
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one-week period in February, 2009 (during rainy season).
Each health worker managed a median of 4 (range 0 to 9)
febrile children each day, which included the administra-
tion of a fingerprick malaria RDT. The median age of the
children was four years (range 1 month to 13 years), and
51% were less than five years old. The mean axillary tem-
perature of children was 39.3 (standard deviation ±
0.8)°C. Associated signs and symptoms are shown in
Table 1 according to patient age; non-specific symptoms
of headache, fatigue, chills and poor feeding were most
common. Ninety-three percent of children had a positive
test result on the malaria RDT, 1.1% were negative and
5.0% were indeterminate. All children were treated with
ACT, dosed according to their age[16]. Fever and associ-
ated signs and symptoms improved in the majority (96%)
of children; however, 15 children (4.2%) required transfer
to regional health centres for further investigations or
treatment (usually blood transfusion), and one two-
Table 1: Signs and symptoms of febrile children (n = 357)
Age category
Sign or symptom <1 yr (n = 78) 1-4 yr (n = 106) ≥ 5 yr
(n = 173)
Fever 78 (100) 106 (100) 173 (100)
headache 3 (3) 45 (42) 123 (71)
fatigue/lethargy 24 (30) 44 (41) 69 (39)
chills 21 (26) 29 (27) 35 (20)
decreased oral intake/poor feeding 18 (23) 34 (32) 33 (19)
myalgia 0 10 (9) 34 (19)
vomiting 7 (8) 20 (18) 17 (9)
prolonged crying 30 (38) 8 (7) 0
seizures 22 (28) 5 (4) 0
dizziness 0 5 (4) 21 (12)
coryza 2 (2) 8 (7) 17 (9)
cough 3 (3) 5 (4) 9 (5)
pallor 9 (11) 4 (3) 2 (1)
diarrhoea 3 (3) 10 (9) 0
respiratory distress 5 (6) 4 (3) 1 (0.6)
visual disturbance 0 0 3 (1)
splenomegaly 0 0 1 (0.6)
lumbar pain 0 1 (0.9) 2 (1)
abdominal pain 0 0 1 (0.6)
joint pain 0 0 1 (0.6)Malaria Journal 2009, 8:308 http://www.malariajournal.com/content/8/1/308
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month old infant who presented with fever, inconsolable
crying, refusal to breastfeed, and a positive RDT, died
despite administration of oral ACT.
Given the high rate of RDT positivity among febrile chil-
dren in this community, an alternative diagnostic modal-
ity (light microscopy) was used to verify the malaria
prevalence. An experienced microscopist prospectively
examined Giemsa-stained peripheral blood smears by
light microscopy in an additional sample of 40 children
with fever in the same community. The prevalence of par-
asitaemia among febrile children was confirmed to be
high (88%; 95%CI 74-95%) using this gold-standard
diagnostic modality.
Following the trial period of RDTs, CHWs were surveyed
to determine their views regarding their experience using
RDTs in the field. As a rule, responses were uniform across
the 12 health workers. Ten of 12 respondents agreed or
strongly agreed that fever was an important clinical prob-
lem among children in their community, and all 12
agreed or strongly agreed that the febrile child poses a
diagnostic dilemma for which RDTs are useful. All agreed
or strongly agreed that RDTs were easy to learn, easy to
perform, useful in the management of febrile children,
and easy to interpret. All 12 agreed or strongly agreed that
the initial training course had been useful. All noted that
RDTs were not readily available in their community, 11/
12 felt that RDTs would be affordable, and all 12 felt that
the government should supply RDTs. Finally, all agreed or
strongly agreed that they would continue to use RDTs after
the study was finished.
Next, a simplified decision analysis was employed to
examine the cost-benefit of using RDT in a context of high
malaria endemicity. Comparison was made between the
scenario of universal treatment of all febrile children to
the alternative scenario of treating according to RDT
result, thereby withholding anti-malarial treatment from
children five years and older with a negative RDT (Figure
1). The cost of presumptive treatment and testing over a
range of malaria prevalence was evaluated (Figure 1). At a
prevalence of 80%, use of RDT was associated with a cost
of US$8.79 per unnecessary course of anti-malarial ther-
apy averted (Figure 1).
Discussion
This study demonstrates the feasibility of training com-
munity health workers in the use of malaria RDTs in a set-
ting of high malaria endemicity with scarce human and
technological resources for health, exacerbated by violent
conflict and human insecurity. In a single day, commu-
nity health workers were trained to use and interpret a
commercially available RDT, demonstrating appropriate
knowledge and skills at the end of the training session.
They subsequently demonstrated competence in point-of-
care parasitological diagnosis of malaria in a group of 357
febrile children under field conditions. Following the
field implementation of rapid diagnostic testing, CHWs
were uniformly positive about the utility and ease of use
of RDTs in their setting. On the other hand, cost remains
a major barrier to the use of RDTs in areas of high malaria
prevalence, as demonstrated by a simple decision analy-
sis.
This study is noteworthy for its setting in a zone of ongo-
ing human insecurity. Over more than a decade, a civil
and international conflagration has claimed over 3.9 mil-
lion lives in the DRC, more than any other conflict since
World War II[4]. Despite an official end to the fighting,
Mai Mai rebel insurgents continue to destabilize areas in
the east of the country and the current mortality rate
remains well above pre-war levels and above levels in sur-
rounding sub-Saharan Africa[3]. Most deaths are not due
to the direct effects of violence, but due to preventable,
treatable infectious diseases, including malaria, which is
the primary cause of mortality in the DRC[3]. In this con-
text, CHWs may play an especially important role in deliv-
ering health care to abandoned and displaced
populations with little access to formal health services.
Relative to previous reports on the use of RDTs by CHWs,
the present study goes beyond evaluation of CHW train-
ing[13] and description of treatment programmes[11,14].
This study reports on the implementation of rapid diag-
nostic testing by CHWs in a cohort of febrile children
under field conditions in a remote village, along with a
survey of CHWs views and attitudes toward RDTs after
this practical trial period. Moreover, this study highlights
important obstacles to the use of RDTs in practice in this
setting, particularly the cost-effectiveness in a zone of high
prevalence.
The principal barrier to the utilization of RDTs in commu-
nity-based malaria care is the sustainable purchase and
supply of RDTs. In the decision analysis presented, health
service payers would have to value the cost of saving one
unnecessary treatment at $8.79, which represents eight
times the cost of an ACT treatment course, and 60% of the
annual per capita public expenditure on health care ($15/
yr)[19]. This cost is unlikely to be acceptable to public
health care administrators or patient families. Previously,
detailed decision analyses have been published which
support the finding that RDTs are not cost effective in set-
tings of high malaria prevalence[17]. In one recent report,
the probability of RDTs being cost effective is less than
50% beyond a prevalence of 80%, as observed in the
present study[17]. Likewise, RDTs were cost-saving only
below a prevalence threshold of 52-55% in other analy-
ses[18,20]. Few of these reports consider the implications
of their models at high malaria prevalence, although theMalaria Journal 2009, 8:308 http://www.malariajournal.com/content/8/1/308
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findings demonstrate the relevance of this situation in
tropical Africa. Thus, despite optimism for the utility of
RDTs in resource-limited endemic settings, at high
malaria prevalence, presumptive treatment appears to be
a more acceptable management strategy, based on the ele-
vated cost/utility ratio of RDTs.
As in this cohort of febrile children in tropical Congo, pre-
vious studies have documented a high prevalence of para-
sitaemia among children with fever in holoendemic
zones. Test positivity among febrile children in excess of
80% has been documented following a flood disaster in
Mozambique (81%)[21] and in the DRC (82%)[22]. Fur-
A simple decision analysis demonstrated elevated cost/utility ratio of rapid diagnostic testing (RDT) strategy at high malaria  prevalence, in a hypothetical cohort of 100 febrile children Figure 1
A simple decision analysis demonstrated elevated cost/utility ratio of rapid diagnostic testing (RDT) strategy 
at high malaria prevalence, in a hypothetical cohort of 100 febrile children. A. Decision analysis tree. Among simpli-
fying assumptions (*), the cost of false negative malaria tests is neglected (given high test specificity and high disease preva-
lence). B. Equation relating the trade-off of increased cost but reduced number of unnecessary treatment courses associated 
with a strategy of RDT. C. Cost of two strategies (RDT, solid line versus presumptive treatment, dashed line) over a range of 
malaria prevalence. D. The cost of averting one unnecessary treatment with RDT rises steeply at high prevalence. NMFI, non-
malaria febrile illness; TP, true positive; TN, true negative; FP, false positive; FN, false negative; cdx, cost of rapid diagnostic test; 
ctx, cost of treatment course; sens, sensitivity; spec, specificity; prev, prevalence.
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thermore, it is well-recognized that test positivity persists
after parasite clearance for four weeks or more [22-24],
such that children with infection in the past month will
also test positive. Light microscopy of Giemsa-stained
peripheral smears was used to validate this finding and
confirmed a high (88%) rate of parasitaemia among
febrile children in this area of the DRC. Associated signs
and symptoms were non-specific (Table 1), yet consistent
with a diagnosis of malaria (e.g., headache, fatigue, chills,
and poor feeding). On the other hand, in some cases the
diagnosis of malaria may have been incidental, given the
likelihood of other common causes of childhood fever
such as viral upper respiratory tract infection along with
compatible symptoms in this cohort (e.g., coryza). This
highlights a more general need for diagnostic tools appro-
priate to the rural African context for infectious diseases
beyond malaria alone. In addition to cost, other impedi-
ments to the widespread use of RDTs by CHWs include
concerns about transmission of blood-borne infections
including HIV. However, this and other studies[13] have
demonstrated that CHWs can be trained to safely perform
blood sampling for the RDT. Gloves, lancets and proper
disposal should be incorporated into training modules
and factored into the cost of RDT programmes. Variation
in test sensitivity due to damage during transportation
and/or use at high temperature or humidity[7] constitutes
another challenge to the reliable use of RDTs in remote
communities, highlighting the need for quality control
measures (e.g., microscopy confirmation of negative test
results), although this strategy poses challenges of its own
in severely resource-restricted areas. Acceptability of RDTs
versus microscopy or clinical diagnosis may represent an
additional barrier, although CHWs were uniformly posi-
tive about the utility of RDTs when surveyed following the
field trial.
Although RDTs appear to be prohibitively expensive in
this context, the mobilization of CHWs for malaria man-
agement and control remains a relevant strategy. In this
study, 12 highly motivated CHWs who had previous expe-
rience managing children with malaria (although only
two had previously used a RDT), demonstrated efficient
integration of knowledge and skills in malaria diagnosis
and treatment, and were rapidly mobilized to treat a large
number of febrile children in a remote setting. Access to
government sponsored health services may be as low as
50% in this and similar areas of sub-Saharan Africa[5],
emphasizing the need for community based interven-
tions. CHWs have proven valuable in other geographic
areas such as Cambodia, where a national programme of
malaria health workers currently provide accessible
malaria diagnosis and treatment in over 300 villages[11].
In the DRC, where violent conflict has severely disrupted
government health infrastructure and has led to the dis-
placement of large numbers of people in a zone of high
malaria transmission, CHWs may represent a valuable
human resource to address the intolerable burden of
malaria, currently the number one cause of childhood
mortality[3].
Limitations of this study include the relatively small sam-
ple size of CHWs from a single geographic area, and the
short time span (one week) during which children were
diagnosed and treated for malaria. Although a study
involving multiple sites over a prolonged period might
provide more generalizable information, these results
nonetheless underline some important considerations for
the roll-out of RDTs in other areas, particularly the preva-
lence of malaria among the target population for testing.
During dry season, or in areas where malaria prevalence is
lower, RDTs may be more cost-effective than determined
in this study. With respect to survey questionnaires on the
utility of the training session and the acceptability of
RDTs, we cannot exclude the possibility of "social cour-
tesy bias" influencing CHW to give positive feedback,
although surveys were conducted anonymously to mini-
mize this potential bias. Despite the lack of formal medi-
cal or nursing training, the CHWs in this study were
relatively experienced in malaria management, which
may explain their ability to rapidly incorporate RDTs into
their clinical practice. Thus, successes in training CHWs in
this context should not necessarily be extrapolated to less
experienced personnel. RDT test performance characteris-
tics (sensitivity and specificity) were not assessed against a
gold standard, because this has been extensively docu-
mented in previous studies (reviewed in [8]).
In summary, this study demonstrates the feasibility of
training CHWs in the use of RDTs for malaria diagnosis
and management among febrile children in a remote
community affected by violent conflict. This study illus-
trates the importance of considering local factors (e.g.,
malaria prevalence) in assessing the appropriateness of
RDTs for remote and vulnerable populations.
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